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“Id@t ti velocity Cumea of some radisl mode variable stars se-m to
indicate ● resonance where the ●econd overtone hau ● period ●xactly half
that of the fundamental mode. The two clsssem of stara that show this
remonmnce by bumps in their li~t curve~ ●re the classical Cepheidn ●nd
the population iI EL Her variable-. We here propose that there is
●nether resonance for the population 11 W Vlr vsriablea where the ratio
of the first overtone ta the fundamental periods is ~.5.

Observations by Xwee (1967} nhow that the-e population 11 Cepheids, have
frequently ● crented m ● f~dttop ●hape of their light curwe. Some light
cunea seem to be featureless, but that mey be onl; the result of too
few olme~stionn rehultiug in too few phase points.

Crested light cur’es such ●s for W Vir ●how a bump or standstill on
descending light rather like the classical Ccphcids with periods between
5 and 10 day,. The flsttop type of light tunes monetimes have bump- on
rising light as for Ceph~ids with periodn between 10 and 20 days. The
problem with these variable stars i- that they do not have ● correlation
of theme light curve shapen with period ●s lon#-&go demonstrated by
Hertzsprung (1926) for the class~.calCepbeidn. The two typet of light
curves both ●ximt ●ll the way from ●bout 10 to 20 day periods.

EL Her var~ables that show bump in theix li~ht ●nd velocity curve- have
●ornecorrelation of the light curve shape with period, but it is .wc ●

perfect one. King, Cox ●nd Hodson (1981) have showu that on the Hertz-
●prunu-‘uasell diasram, lines of constant period (slightly ●teep~r than
lines of constant radius) have smalle: blopes chsn the ●lightly cwwed
linen of constant period ratio Pa/PO. Thi~ has ●lso besn shown cgain by
Hodson, Cox ●nd King (1982) usins the Carmen opacitias. In thin lattei
caae, the period ratios are ● bit smaller, mut that in s direct r~cult

!of the lmrter Carrionopacities that deconcentrcta the outer ●nveloFe
●tructure in ● way that P. is increased more thsn PX. As iB well known,
;this nmaller period ratio for the BL Her variabl~s does not ●ffect the
lbump mans dstemlnation in ●ny significant w~y, but the ●mailer period
,ratio timing the Carson opscitie- for the classicel Cepheids can compen-
sate for otherwi~e ●mailer bump meaoes (VemuW ●nd Stothorn, 1978).

‘The ●asy \isibility of the Hertzsprun# ●equence for the cl~seical
Cepheid- is bec~use the lines in the Hertmsprun8-Russell diagram of

.-. conetant period ●nd those of coumtant period ratio Pa/PO are Farallel,



resulting in ●n”abt perfedt correlation between P. ●nd P~/Po, Both
red ●nd blue Cepheids with ● #iven P. show a b- ●t the same phase.

The differenm’’lti●l.opebetween the lines of constant period ●nd
~conntant~-riod ratio Pa/PO for the BL Her variable- means that at a
!given period, ● range of period ratios is possible. Then the phace of

Ithe bumpm is not fixed, but it in confined to ● small range. Thin
●rplainm why BL Her Itself has ● bump on falling light with ● period
ratiu inferred to be 0.52 or 0.53, whereas XX Vir at the same 1.3 day
period ham no bump, ~lyin8 ● period ratio of greater than 0.!33which
can occur if XX Vir in bluer, fainter, or more ●smive than BL Her.

‘Bbon ●nd Schmidt (1976) showed that thir correlation of bump phase with
period can be eeen in the results of the nonlinear hydrodynamic
integrations that have been done by Stobie (1969) ●nd many other-. A
unique relation was found that made it pomsible to predict the bump
phase ●s teen jn the theoretical light ●nd velocity cumes by knowing
the period raLio P3,/Po, if this ratio was between 0.46 ●nd 0.53. From
the recent work of Buchler (1984), we mee that the bump im ●ctually the
result of ● rernonencebetween these two wdem.

Standard models with mamsea ●nd luminomitiea that ●re consistent with
●volution theory give linear theory period ratiom too large for ● #iven
period. For ●xample, for ● 7 He Ccpheid ●nd the evolution theory
luminosity of jugt over 3700 solar luminomitiea, on the blue ●ide of the
instability ●trip thio star would have ● period of 6 daya while on the
red aide of the strip its period would be 12 days. In these cases Che
predicted period ratio would range from ●bout 0.S7 to 0,53, but the
●ppearance of observed light tune bumps indicate period ratioo ranging
from ●bout 0.52 to 0.49, lhe original way to reconcile thim dimcrepan~y
was to lower the manm to ●bout 4 Pl@’s●t thio luminosity. Then the
period ratios from linear theory ●nd the bumps seen in nonlinear
hydrodynamic inteurmtion light ●nd velocity cumes fit the data.
Actually thim has recently been considered more of ● period ratio
●nomaly than ● ●ass ●nomaly , ●nd wayn to reconcentrate the Cepheid
envelope ●nd reduce the period ratio have been ●ou8ht.

Of the three currently viable ways of deconcentrsting the outer 0.01 to
IO. 1 per cent of the mtellar reams, perhapm only one is now possible. The
large ~gnetic ficldo postulated by Stotherm (1979) can stronuly ●ffect

the ●tellmr ntructure, hut their ●xistence to give a prensuxe ●s large
~am the gaB premmure ham not been (and ●aybe cannot be) measurad. If the
,nequired field~ ●re Senerated by ● convective dynamo, they ●re many
power- of ten too lsr8e, A primordial field may ba stront enough, but
,thon ●ll the Cepboidr in this u-- ran8e of 5 to 9 II@nead to have had ●

rather uniform ●arly formation himtory.

!The ●xcell~nt sugtemtion by Simon (1982) that the ●nvelopa can be
dmconcmtrated with ● higher metal opacity must be rcjoctal because such
m effect doos not oeem possible from the viewpojnt of ●tomic phymics
and the compornitionsthat ●uch axict in Cepheid envolopcs. Actually some
bf thi.avary ●ffect has been seen esrlier becau~o the hi8her Cmrmon—
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opacities ●t temperature ●bove s x.”10’Is did‘;iightly
●tellar models, especial?.yfor the population 1 caDe
•i~if icmnt CNOHe abundance. Ihe discovery that the

j, i,:. . n ,,x:, --3 .._

—
are inaccurrn’te’!Sri”thimhi8h temperature re8ion by Car-on, Euebner,
‘Ifasee,●nd Harts (1984) has removed the ●arlier MDS ●n-ly
~rovement~, and the parallel result bylfagee, Harts, and Euebner
(1984) that no other opa:ity source is ●vailable, ●eam to ●liminate the
enhanced opacity explanation for the period ratio mnouly.

\We therefore vent to reemphasize that ●n enhanced helium ●bundance in
lthe Cepheid ●nvelope cm reconcentrate the density structure ●nd
‘reconcileboth the bump and best Cepheid mass ●nomalies. Cox, ?lichaud,
~and liodson‘(1978)have ●hewn that ● Cepheid wind, if it is ●nything like
the solar wind, can blow away ●ore hydrogen than helium, leaving ● very
thin homogeneou~ convective zone that in ●nhanced to ● manm fraction ●s
lo:~e ●s 0.65 or even pocsibly 0.75.

This helium enhancement takes time. A 7 H@ star evolving on its blue
loops from the red giant region with ● very deep convective ●nvelope ham
only 1-10 million years before it becomm ● ●econa crossing Cepheid. At
8 M this time is reduced so muctithat very little wind ●nhancement is

tPO= ible. Therefore the very blue 8 II Cepheid with ● period of 10 or
●ore days ●hould not be reconcentrate~, ●nd it should not show ●ny
period ratio ●nomaly for periods up to 20 dayn ●m it ●v~lvem back to the
red edge of the instability strip.

Recent obsemations ●nd interpretation by Davis, Hoffett, ●nd Barnea
(1981) show that X Cyg at 16.4 daym shows little or no period ratio
(bump phase) ●nomaly. Thus enhanced helium is not needed or predicted
for the masses ●bove ●bout 8 H .

!
Unlike the tangled ❑agnetic field or

the Increa=ed opacity proposal , which do not have ● reversion to
standard model- ●t greater than 8 11$ or ● period of ●bout 15 days, the
enhanced helium model mlowly mer8ee with non-enhanced models ●t thim
mass ●nd period. Bump on rising light ●re seen for periods ●s long ●s
26 days for the Cepheid X Pup ●n obsemed by Pel (1976).

Returning to the population II Cepheids, we see in Fi8ure 1 thst lines
of conntant P1/Po near 0.5 ●re in the very regjon where the crested and
flattop type light cumem occur. In this fiiure we show only globular
cluster variable- uhere their luminornitieoare rsther well determined.
The synbols b and B mtmd for, respectively, BL Her variablen in u Cen
●nd in all the other globular clustern. The f ●nd F symbol- refer to
~again, respectively, the UJCen ●nd other glnbular cluster variables with
iflattop li@t curves. The c ●nd C symbols refer to the crested light
Icurvee ●nd the r ●nd R symbolm refer to two RV Tau variahleo.

~Con-tant period llnes for the BL Her variableb have been computed for ●

Imsen of 0.6S He with the King Ia teble with ● Z composition of 0.001.
;The EJttillingwert(1975ab) fit for the opacity ●nd ●qumtion of state ham
bmen unad for the 0.60 H W Vir lines ●t hisher luminosities. The
location of the blue edt~ ●nd the .urvatur@ of the constant period lines
may be chanted wham tha ●ctual tabular data ● rc used. It hts been



Fur)ll::l. rlf?n (:; ‘, ld\
“1”” 4__——– --.-—- -— ——. .

verified that %oti ‘the’fit ●nd the!tmblular.titerialpropertlemgive _- ~.—
constant P1/Po lines that so ri~t up the instability strip ●t least
●pproxi~tely ●s drawn. Thus the flsttop curves, with often b-s on ;
rising light ●ridaieybe● period ratio of less than 0.5 ●hould be ●lwmys
redder than the crested light curve casez ●s observed. I

I I

! ‘.

I

Figure 1. On the Hertzspwg-Rus~ell diagram
constant period ●nd li~es of conmtmnt period
●re drawn for 0,65 He for the BL Her luainoe
0.60 lie fcr the W Vir vmriables. Individual
globular clumterm and their periodm ●re mlmo

.. .,,.
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linem of
ratio P1/

itieu ●nd
●tarn in
plotted.
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